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Improved potybutene process. 



@ Polybutene is prepared from a mixed Ca hydrocarbon feedstream using- an organp-aluminum/HCI catalyst 
system wherein the HCi is introduced separately into the feedstream to form organochlorid© in the feedstream. 
Polybutene product having a very narrow molecular weight distrttDution is obtained ;ovi9r the M"n range of 700 to 
3.000. Dispersants derived from this polybutene exhibit substantiaiiy improved performance in lubricating oti 
compositions. 
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IMPROVED POLYBUTENE PRdCESS 

This invention relates to tlie poiymerization of isobutyleneKsontairiing feedstreams and. more particu- 
larly, this invention relates' to the production of polybirteries from a mixed feedstream utilizing an organo- 
; aluminum chloriSe-hydrogen chloride c6-cataiyst syistem. u ' - 

The production of isobutylehe polymers from mixed hydrocarbon feedstreams Is generally known in 
5 the art. It is also* known to utilize AlCU as the polymerization catalyst- in such processes and the prior art 
discloses a number of co-catalyst or catalyst promoters, including hydrogen chloride for use under various 
conditions in isobutylene polymerization. - ' * .. ^ , 

Representative disclosures Include U.S; Patent No. 2.957,930 which shows theiuse of 10 to 20% Aids 
catalyst in the production of polyisobutylerie from" a Cv to Cs petroleum gas feedstock with 0.08 to 0,12 
10 percent HCI. relative to AlCla', used as a catalyst promoter. This reference notes:that correspondingly small 
' quantities of water vapor or chloroform, which can react with AICI3 to release HGI, may .also be used. British 
Patent No. 1,195^760 (1070) disctoses the production of olefin polymers by jx^lymerization in the presence 
* of the catalyst comprising a liquid complex of AICI3, HCI and an alkyl benzene. Polymerization products 
include rhaterials other than polyisobutylene and products with a narrow molecular weight distribution are 
15 disclosed in this reference." < 

U.S. Patent No. 3,349,065 relates to a process for forming fbutyr rubber from feedstreams comprising 
isobutylene and isbprene, employing a catalyst -system or dialkyi aluminum - halide- - hydrogen halide 
catalyst system. The patent illustrates the addition of HCI to -the monomer feed before ^addition of diethyl 
aluminum chloride in several examples (e.g., Example S.^ruh'V).^ j . . -i 

20 U.S.' Patent No. 3.119,884 discloses ia series of column reactors useful for polymerizing 

' isobutylene and further discloses a catalyst-compfisiiig AlCb and HCI or a substance ^which generates HCL 
The catalyst system is described as an acid promoted AlCU catalyst In such a systenri, a reaction between 
HCI and AICI3 occurs to form H+AICU- Which is the species that initiates polymerization. According to this 
process, one method of introducing catalysts and reactants is 'to have the three materials, i.e., AICI3, HCI 
25' and liquid feed, enter ' the reactor through * the- same ''duct. ^This . necessarily results, in polymerization 
beginning in the duct line in an exothermic reaction: and the; reaction , in not . controlled by the refrigeration 
system of the reactor. Any product formed- under thSsfe conditions will have- an undesirable low molecular 
weight and broad molecular weight distribution: ' • '-"^ ' v i 

U.S. Patent Nos. 3,200,169 and 3,200,170 deal with -the reaction mixture separatkin methods after 
30 polymerization of propylene or butylene feeds utilizing an ammonia treatment process: HCI is disclosed in 
the references as a suitable catalyst promoter added to the reaction zone which contains an AlCIa catalyst. 
U.S. Patent No; 3,501.551 is directed to a process for'produeing normar butene polymers at molecular 
' weights of from about 200-750 wherein a Ca-s hydrocarbon mixture containing isobutylene and norm^ 
butylenes as substantially the only olefins present are reacted in liquid phase with an aluminum chloride 
35 catalyst to form a reaction mixture containing onl/ isobutylene* polymers. The isobutylene polymers are 
separated and thereafter the resulting reaction mixture is treated with a Friedel-Crafts catalyst to form a 
second reaction mixture contairiihg normal butylene pdymers. 'The aluminum chloride jn the first poly- 
merization section is indicated to be added alone or in combination with promoters, such as alkyl chloride, 
e.g., isopropyl chloride. 

40 U.S. Patent No.. '3.639.661 reilates to processes -for polymerization of isobutylene employing as 
polymerization catalysts either a reaction product of titanium tetrafluoride with a chlorine bearing Friedel- 
Crafts catalyst which is soluble in isobutylene or a reaction product of titanium tetrachloride or boron 
trichloride with a fluorine bearing compound whose fluorine: atoms are capable of partly replacing chlorine 
atoms in the titanium tetrachloride or boron tetrachloride; It is indicated that the catalyst can be made in situ 

45 by adding the catalyst cdmponents separately to the reaction medium. 

U.S. Patent No. 3,991,129 relates to the production of poiybiitene. employing recycled reaction liquid, 
liquefied butenes and Friedel-Crafts catalyst, which is stated to be preferably: aluminum chloride promoted 
with hydrochloric acid gas or its water equivalent. The catalyst-is admixed with the recycle and fresh feed 
lines upstream of a static mixer prior to charging to the pdlymerizatioh: reaction column. 

50 U.S. Patent No. 3;932,371 relates to a process for 'preparing low bulk viscosity polymers comprising 
copolymers of isbolefins and conjugated diolefins; e.g., isobutene -isoprene mixtures, as in the preparation 
of butyl rubber, employi rig an • ethyl aluminum- dichloride " catalyst optionally promoted with hydrogen 
chloride or a G3 to' C7 "organic halide'compound.- Hydrogen chloride Hs disclosed as a promoter which can 
comprise from 0.1 to 50 wt. % of the total catalyst system.' In Example 2, benzoyl chloride promoter is 
added to an isobutylene-isoprene monomer mixture which is then contacted with ethyl aluminum dichtoride 
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(EADC) in a continuous reactor. 

U.S. Patent No. 3585.822 relates to the production of poly-n-butenes by use of AlCb promoted with 
HCl but the objective is to reduce the isobutylene content of ti}e polymer product. 

U.S. Patent No. 3,997.129 discloses polybutylenes from a Ci to Cs liquefied refinery stream wherein 
the catalyst is solid particles of AlCh promoted with HCl gas or its equivalent. This process employs a static 
mixer for mixing catalysts and leed^ prior to coHjducting polynrierizati^^^^ . . 

. U.S. Patent Nos. 4.038.474 and 4.03.9.733 jach, relate ta ethyl aluminum bichloride - HCl catalyzed 
processes for preparing polymers from a .C4 :Ptef in-styrene. monomer mixture, which in '474 contains at least 
20% styrene and^ which in 733 contalna?divinyl ;benzene for partial crpssiinking. Examples 4, 5 and 6 of 
'474 describe proceduresMn which the plefin-styrene monomers! are first, blended with HCl and a 
hydrocarbon solvent, and'then treated with€ADC to effect'ppiymerizatiom 

U.S. Patent No. 4,465,887 relates to a process for producing butylene polymers having molecular 
weights of from about 400-5,000 wherein the,, feedstream containing nnixed butenes is fractionated to 
remove -recited amourrts^^ of cisrS-butenp. The overhead fraction from ^the^fractionafmg step contains 
-?5 Isobutylene and is reacted ir^^the presence of an aluniinum chloride catalyst taipplymerize, the. isobutylene 
and to fonn^ reaction mixture ■consisting;of isobutylene polymers and unreaction hydrocarbons including 
normal botenes. This reaction : mixture is flashed distilled or recover the isobutylene polymers and the 
^' unreacted- hydrocarbon, mixture isrtheir reacted in. a presence .pf a catalyst system consisting of aluminum 
chloride and a : promoter to^ptoiymerizejbutylenes ia lhe fraction and- form in a second reaction product 
20 mixture containing butylene polymers having lower molecule weights, e.g., of from 400-900 molecular 
weight. The patent indicates that :a promoter is essential of a. second polymerization reaction, and indicates 

- that typicaf promoters are ^opropyl cbjpride. t-butyl chloride, water and hydrogen chloride. The patent's 
' ' promoters are.added to.the reactcrcseparately- from.the aluminum chlqride and the first hydrocarbon 

reaction mixture containing the unreactert normal butane,. : 
25 UiS; Patent. No; 4,558,170 »s:darected to a process :fGr preparation of polyisobutylene from a mixed C* 

- ' hydrocarbon feedstream Using; an AICI3 -;.HCt. catalyst. systenn wherein the HCl is introduced separately into 

the feedstream. prior to contacting thS feedstream with the AICI3, taform organochloride in the feedstream. 
e.g., the t-butytehloride is; formed by .reaction of the HCl with the feedstream's, isobutylene. 

Belgium Patam. No.- 731.006 relates/ito , the all^ of aromatic hydrocarbons using ,n-butene 
30' polymers, -wherein Jie: polymers are produced from a refiner stream, containing n-butene basically, free from 
isobutylene which are poiymeazed in the: presence of aluminum chloride. . 

European Patent Nb. 115,635 relates ta a. continuous , process -for producing pojyjsobutylene from 
Isobutylene feeds, wherein solvents and monomer vaporized during the polymerization, are recycled after 
liquefaction to the polymerization zone. ,j ■ . y. 

U.K. Patent No. 1 ,449,840/ describes a process for ,alk\'lating benzene,, wherein benzene is contacted 
with a polybutene in the presence of aluminum chloride. The polybutene itself is prepe^red by polymerizing 
a mixed C4 feedstock, containing from 2-20 wt, % of isobutene. The polybutenes are stated to be prepared 
by conventional polymerization process using a Friedei-Crafts catalyst such as aluminum chloride. 

U.K. Patent Application 2.001 .662A. relates to the preparation of polybut^ne by polymerization of a C* 
olefin stream over a fixed bed catalyst comprising.a Lewis acid chloride (AICI3 being illustrated) intercalated 
with graphite, with HCl being addedi optionally as a. promoter. The patent discloses that the HCl may be 
added to the monomen feed before, it contacts the catalyst bed. . , 
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SUMMARY OF THE PRESENT INVENTION 



- The^^ present invention is considered distinguish^ from the foregoing references in that it produces a 
polybutene which is especially .suitablei' as: the oil §oiublerhydrocarbon component of a lubricating oil 
50 dispersant based upon the reactiooLOf .polyisobutenyl succinic anhydride with compounds such as ethylene 
•■ polyamines and polyols.. Polybutene profluced in.this invention. are characterized t)y a nan-ovy molecular 
weight distiibl^on weight, range, that is. a number. average molecular weight (M 

.r orSQuTTO^to 3j000 ; Molecular, weight distribution is used here irv its normai sense as a measure of the 
breadth of molecular weight distributionjand js defined as the_ ratio of WT^^weight average molecular weight) 
55 to RTo (number average moleculariwerght).. This nan-ow.molecular weight distribution results in a product 
- having a relatively iow&r viscosity than, polybutenes produced in h^ conventional processes in the 
same" molecular weight .range: The ^prbcess^isresaecially charact^riz d in the. technique of addition of HCl 
cd-catalyst to th f sdstream .prior to^feedstream entering.the reactor. Other methods of providing HCl 
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which the prior art considers suital?le, i.e., such as adding HCl to the reactor itself, adding .water or other 
HCl-generating reagents or adding HCl to ethyl aluminum dichloride (EADC) prior^o initiation of polymeriza- 
tion are not suitabi in this iav ntion and do not provide the degree f process, c ntrol and product quality 
achieved herein. , , . 

In particular, it has been surprisingly, found that the use of organo-alumihum chloride catalyst, instead 
i:. of AiCl3 as described in U.S. Patent No. 4,558,1.70, in combination .with HCl preraddition lo the monomers, 
^provides a polybutene of still further nan'owedr* molecular weight, distribution, .higher catalyst efficiency, 
higher monomer conversion, and decreased light ends ^byrprodupt; rnake, as connpared to product obtained 
in use of H20/AICI3 or |426/E^C as a promdter/cate^^ „ .. 
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BRIEF DESCRIPTION OR THE ACpOMPANYING. DRAWING 



16 Rgure 1 is a schemmatlc illustration of one emtDodiment of ^the process the present invention. 

^/ DETAILED DESCRIPTION OF THE iNVENTION / / 

20 , In accordance with- the present invention there has. been discovered, a process, for preparing low 
molecular weight polybutene; having ari MTn in the range of about 700 to about -3,000 (and preferably f rom 
about 90Q to.^g ^O^ and a molecular weight distribMtjpn less .than . about 2.0 from a feedstream mixture'of 
Ci. hydrocarbons containing at-.l^ast aiDOUt 6%.by weightJsobui^len^ a.stjrred reaction.zone maintained 
at a temperature of about -5p* C to, + 30'G. which comprises: (a) jnjecting HCi, into the feedstream mixture 

25 in an amount of from about 2510 200 parts by weight .per one million. parts by weight .of the feedstream 
mixture, in the substaritial . absence of the, prganq-aluminum. catj^lyst and under conditions , sufficient to 
substantially completely react the lr)jected HCl with, feedstrearn monomers, thereby; producing a treated 
feedstream mixture which contains not greater than about 1,0. pprr). free. HCl; (b) introducing the treated 
feedstream mixture and the organo-aluminum chloride catalyst as, separate strearfis Into the reaction zone; 

30 (c) contacting the introduced, treated -jfeedstream ^mixture and the introduced catalyst in the j;e|action zone for 
a time and under condftions sufficient to form a polymerization reaction nrii>rture containing the polybutene; 
(d) withdrawing the pplymerization - reaction, mixture from the reaction zone; and (e) recovering the 
polybutene .product from said withdrawn polymerization reaction rnixttire. The , potybutenes can be recov- 
ered: from the reaction mixture by quenching the withdrawn reaction mixture ..with aqueous alkali and 

35 separating, therefrom , polybutenes product, which can then be stripped of unreacted C4 hydrocarbons and 
• poly butanes below Wn of 300 sufficiently to provide less than 25 wt. .%;.polybutene below. M"n of 500 in the 
final product. 

The feedstock for ttie process of this invention comprises a. mixture of pressure liquefied Ca hydrocar- 
bons (such as catalytic cracked C4 or steam cracked Oa fractions), which comprise at least about 6%, up to 

40 about 50% isobutylene together with butene-1 , disb and trans-butene-2, n-butane. isobutane and less than 
about 1% butadiene. The preferred C^ feedstream is derived from refinery catalytic or steanri. cracking and 
contains from about 6-45% by vyeight isobutylene, from about 25-35% saturated butanes ^ahd from about 
15-50% 1- and ?-butenes. -The Ca products other than isobutylene function as the reaction medium and are 
a non-critical aspect of this invention. The isobutylene content of the (feedstock should no| however fail 

45' below about 5 wt. % of, the feedstream.. . 

The C4. feedstream preferably is substantially free, of Hs and sulfur contaminants (eig., rnercaptans), e.g. 
<20 wppm Ha and <5 wppm S. Such low levels, of free. Ha .minimize the degree 7of saturation in the 
polybutene products ot thisjrivention, ^and the low S. levels are desired to avoid undesired side-reactions 
with the nrionpmer, polymer and catalyst components, and to avoid the need to resort to added expense 
.50 and technical difficulties in removing the sulfur contaminant? from the polymers thereby fonrted. Further, 
the C4 feedstream is preferably substanlialjy anhydrous, that it, cbrit^ns less than about 0^05 wt% water, 
more preferably lesS:than^about 300 wppm water, based on. the C* monomers In the feedstream. It has 
been found that water, which can be typically present in catalyticalty cracked oi; steam cracked C4 streams, 
is not an effective co^talyst.in the manufacture of the polybutene polymers of the present invention 

65 employing the • organo-aiumiriurn^ catalyst/HCI pre-react, d cocatalyst systems in ttie present invention. 
Rather, such excess., amounts of water are undesired . d.ue td.^icle-reiactions of .the water with the organo- 
aluminum catalyst which decrease the effective catalyst concentration in th reactor, and do not offer any 
offsetting enhancement in the rate of polymerization or in any observed polymer performance property. 
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The drying of the C4 feedstream can be accomplished by contacting the stream with a dessicant which 
is substantially nonreactive with any organic component of th stream, such as CaCb. molecular sieves 
(e.g.; mol sieves 3A and 13X fro the like. Th drying of th 

feedstream' c^h be effeiited in^ one or mdre vessels containing a solid dessicant -through which C* 
5 fee'dstream is passed, and usefully can comprise a series of separate vessels arranged in parallel to 
fasciiitate the charging to any vessel of fresh dessicant in the continuous practice of the process of this 
invention. ; ' ' " " ' - ' - 

The Ci feedstream is Tnaintairied at a suffibiehf pressure' to be-in liquid form both in the reactor inlet 
and in the reiactibn' nlixture itself at the rekction'^temperature, whichls generally from about -50" C to + 30 \ 
TO conventionarcooling' means (e.g., prbvlbing dooling colls within the rd'dctor; cooling the external surfaces of 
the reactor: withdrawing a portion of thrreactibn- mixture from the reaction 'zone' to an external cooler and 
recycling it to the reaction zone; etc.) being used to maintain the reaction at these temperatures in view of 
the exothermic nature^of the reactpn. Preferred reaction temperatures are from about -15 ' C to + 15* C and 
most preferred /iram . about -6* C'Jb "J- is' b. Gen^ .higher temperatures tend to produce 

15 relatively low molecular weight polymer. Reaction pressures are generally from about 1O0 to 600 kPa, and 
more typically from about 200 to 400 kPa 

The proces of the present invention employs either a' tubular reactor or a stirred reactor (preferably a 
continuous type stirred reactor) having two separate Inlet n^eans for introduction of C4 feedstream and the 
organo-aluminum chloride catalyst; the ;iatter being added alone or in admixture with a diluent or solvent 
20 which is substantially inert under the premlxtng and polymerization conditions. Useful diluents include liquid 
saturated hydrocarbons, such as n-butane, isobutane or mixtures of saturated butanes. 

The feedstream" inlS'^mearii^^(el^^^^^ a' conduit); is fitted witti a device for injection (preferably for 
cohtinuous injection) of HCl (preferab^ ^ 
' reactor entry. The HCI irijectioh'pSilt sHpijfd in^the C* teiedstream sufficiently in advance of the ^ 

25 reactor' entry td pernrtit sufisfe(rttidiy;dd^ of the- HC! in the feedstream with 1- and 2-butenes- . 

pfio: to ffib p6lytribrizati6n^teacti6n'?6he^^^ believed to react with the isebutylene to fomn t-butyl — 

/' chloride in the resulting treated feedStreSn' rni^^ Other organo chlorides can also be formed, principally ^ 
a 2<hlorobutane frbnrt ri^iition vHth tHeH*'and 2-butehes of the rhonomer feedstream. The concentration of 
free HCI in the treate^^^ 

' ' 30 ^oiit f.b ppm 0ai^^ p^P%illion^^^^^^ to achieve the advantage of the- invention. The 

cbhbentratibn bf^the H^^^ by bdnvenrtionai means,' for example- by analyzing the . - ^ 

- feedstream for organic chlorides sind fre^ HCI using ^a gas ^chromatograph equipped with a Hall detector. 
The, rate of mixing (and; hehde. reaction) of the ftonom^s and the HCI can be conveniently enhanced by 

' use of ari'in-line'static (kiheftb) mixer in the feeditrdam 'Conduit downstream of the HCI injection point - 

35 (Alternatively, or in addition, the HCI can be adcied to the C*' feedstream prior to an in-line indirect heat 

" exchanger to aid in mixing the HCI and the monomers prior to the reactor by means of the turbulence 
generated In paissing therethough). To* further enhance the rate <5f mixing of the HCI and- monomers, the 
mixture of the HCI anld the C4 ?eedstream is preferably maintained it a temperature of from at least about 5 
* C, e.g.^ from about 5 to 70 ' C. 

40 Preferably, the organo-aluminum chbride catalyst is not admixed with the C4 feedstream prior to, or 
during, the injection of^the HCI (eind preferably is not admixed with the C* monomer containing stream prior 
to the charging of the ti¥ated 'fe^dstrekrh mixture into the Yeictor): otherwise uncontrolled, exothermic 
,Pofx!T^6rization v^ll be irirtiated unle's^ extreme measu/es are taken (sUch as maintaining the admixture at a 
temperature below "that' w^ proceeds^) Of course,^ the extent of such undesired pre- 

^ 45 polymerization will vary, deperidihg on the residence tirh^^^'bf the admixture outside of the reactor's reaction 
zone. " " ' ' " '''^ 

Therefore, the treated feedstream mixture, containing "the Oi monomers and the pre-reacted HCI. is 
preferably added tpreferabiy cohtinuously) to the reactor with brgand-aiuminum chloride catalyst being 
introduced into the reaction mixture' through a sepa^ 

50 ' The process of this iiiventiSn can be practiced in' a batdhwise, s6mi-continuous or (as is preferred) in a 
; continuous manner! Preferably, the teated feedstream iriijiture.'contiaining the C* monomers and the pre- 
reacted HCI, and* the drgano-^altirhinurh bhioride catalyst sirearns are added to the reaction zone substan- 
tially simulfkiieously, at ,6 rate suf^^^^ to maihtaW the selected ratio of the monomers and organo- 
aluminum cat^yst in the'' liquid reaSion rtiixture. However, it is also possible to add these streams in a 

55 stag wise rhartner to a liquitf r s(ctfe^ 

Polymerization occurs in ^'an e>ibthdfnii<r reaction by contacting the two incoming streams in a cooled 
r actor with reactorlemperature, prefeVkbly mainlined at about ^l&'C to +15* C. For a continuous-type 
stirred reactor, averagS reacWnt residence time will getnerally be 'about 10 to 45 minutes. There will 
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generally -be employed 0.001 to 0.008 imoies (preferably frpm, about 0.062 to 0.00^ moles) oi organo- 
* aluminum catalyst per mole of isobutylene charged in the feedstream and from about '25 to 300 ppm by 

vyeight (and preferably from about, 50 to 150 pp^m by weight)' of Act co-catalyst per part by weight of 
j feedstream. Generally, the organo-aluminum chloride catalyst and HCl-cocatalyst will be employed in a ratio 
5 of from about 1 to 4 parts by weight, .preferably from about 1 ,3 io 3 parts by' weight, and more preferably 
from about 1.5 to 2.7 parts by weight of tfie brgano^aiunriinum chloride catalyst pei* part by weight of the 
. HCl-cocatalyst (calculated as HCI). . ^ , 

, The organo-aluminum chloride useful in tHe process of this Invention comprises at least one compound 
of the formula (I) . . . > I , \ ; . . . 

10 {R)xAi (ci)3oc \ ; ' J, . " - ' ' , 

wherein R is Ci to C20 hydrocarbyl and x is an integer of from 1 to 2. R can comprise bitched or straight 
chained alkyl, cycloalkyl. aryl, alkaryl, aralkyl. alkenyl, and alkynyl, and hydfocarbyl (e.g:, Ci to C10) 
substituted derivatiy.es thereof, vyhen. R is alkyl, the alkyl^gr-oup can 'contain from' 1 to 20. preferably from 1 
to 10. and most preferably from 1 to 4* carbon atoms. iilListratlve of such alkyl groups are methyl, ethyl, 
IS isbpropyl. propyl, n-butyl. istobutyl. tertbutyl? pentyl, hexyl, heptyl. octyl.^ nonyi. decyl, dodecyl. tridecyl. 
tetradecyi. octadecyl and the like. VVhen R Is alkenyl. the alkeny I group cart contairi from 2 to 20, preferably 
from 2 to 10, and most preferably from 2 to 4, carbon srtorns. Illustrati^^ of such alkenyl groups ethenyl, 
isopropenyL prop^hyi, n-butenyi, isi)butenyl/ tertbuie^^^^^^ hexenyl, heptenyl, octenyl, nonenyi, 

decenyl, dbdecenyl. tridecenyl, tetradecenyl. bctadeceriy! and the like. Wheti R is aikynyl, the alkynyl group 
20 can contain frorri 2 to 20 preferably from 2 to 10* aiid most preferably irom 2 to 4, carbon atoms. Illustrative 
of such alkynyl groups are ethynyl, isopropynyl. propijjnY^ tertbutynyl, pentynyl, 

hexynyl. heptynyl, octynyl. n6nynyi, .decynylv dodecyn\rlv^ pctadecyhyrand the like. 

When R is aryl. the ary! group can cbntain from ,6 ib\t()^Qarbpn ;a^ Illustrative of such aryi groups are 
phenyl, naphthyl and the like. When f=i' is alkaryl ^tti^^ from 7 to 20, preferably from 

25 7 to 15. and most preferably/from 7,tp 10, carbon atoms. Illu^rktive of such alkaryl groups are toiyi, xylyl, 
di(ethyl)phenyl, di{hexyljphenyl, and the like.; When R is aralkyi/the;araikyl group can contain from 7 to 20, 
preferably from 7 to 15, ariql mostpreferably from 7 to 10, carbon atoms, Illu^atiVe of such aralkyl groups 
are benzyl, ethyibenzyl. phenylhexyr/naphthy!hexyl,,and ^ RJs cycioa(lkyl..the cycloalkyl group 

can contain from 3 to 20, preferably from. 3 to 10,.^an^ 3' to 4, carbon atoms. 

30 illustrative of such cycloalkyl groups are^cylcoprbpyi;.% cyclppentyl, cyciohexyi, cycloheptyl, 
cycIoGctyl. cyclononyl, cyclbdecyi, cycjododecy!, cyclotribecyl, cyclotetradecyi, cyclooctadecyl and the like. 
Illustrative of hydrocarbyl-substituted. derivatives of the foregoing groups are 2-ethylcyclohexyl, cyclopropyl- 
phenyl. phenylcylbhexyl, and the like. ^ . 

Illustrative of useful organo-aluminum chlorides are (CH3)AICi2, (CHahAICl. C2H5AICI2. (C2H5)2A1C1, 
35 (CH3)2CHAICl2, [(CH3)2CH]2AICI. (CaH/jAICk', (C3H7)2A1CI, dH3CH(CH3)/MCl2, [CH3CH(CH3)]2AICI. (CH3)- 
aCAICl. [(CH3)3C]2AiCi; CsHisAICIa. C5H11AICI2, C10H21AICI2, and itiixtuires thereof. Especially preferred, 
are C2H5AICI2, (C2H5)2A!C1 and mixtures thereof. Preferred are organo-aluminum chloride catalysts which 
are liquids under the reaction conditions. . \ . 

The polybutene prepared , in accordance with this invemion .geherally contain an average 0I about 1 
40 double bond per polymer chain and up to about 10 percent of the polymer chains may be saturated. 

Referring now to Figure 1 wherein one embbdiment^bf the process of this invention is illustrated, a C4 
feedstream 2 is passed through a drying zone 10 for removal of vvater (e.g., using CaCla). The dried C* 
stream 11 Is then, passed through tubular hekt exchanger 12 for cooling of the feedstrearn to the desired 
reaction temperature. HCI gas is introduced via coriduit 4^ Irito conduit 11 "upstream of exchanger 12. The 
45 treated feedstream is then introduced via conduit 14 Into' reactor 20, the 'free HCI content of the thus- 
introduced feed ,14 being as described above/ Liquid drgano-alumirium catalyst (e.g., ethyl aluminum 
dichloride) is introduced into reactor 20 via a separate conduit 18. 'A portion of the liquid reaction medium is 
withdrawn via conduit 22. and/passed tp^ extenrial heat excK^ 30 via condint 24 for cooling of the 
reactiori liquid, and the cooled liquid is" reintroduced, to rea^^ via conduit 26. to^aid in reaction 
50 temperature control Polymer reaction liquid iis withdrawn from the reiactor 20 via conduit 22 and passed to 
conduit 28 and introduced into a first water washing zotie 40 (to which water is introduced via conduit 42) to 
quench the catalyst.. The aqueous and oi-ganic layere are iallowed'tb separate, and the upper aqueous layer 
is withdrawn via "conduit 44. The washed prgahic layer containing the polyrher is withdmwn via conduit 46 
and passed to an aqueous caustic cohtactirig zone 50 for further neutralization and removal of catalyst 
5S. residues. Aqueous caustic is ihfroduced via conduit 52, the separated aqueous layer is withdrawn via 
conduit 54. and the treated organic' layer is passed from zon^^^ to a Second water wasKing zone 60, for 
contacting with additional water, iritroduced via doh'duit 62. A second aqueous stream 64 is removed and a 
second washed organic stream 60 containing the polymer which is preferably substantially free of the 
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catalyst (e.g., as determined by a substantially neutral pH, and by an aluminunri content of less than about 
1 0 wppm Al) is wijtocjrawn as streanri 66. 

Polymer stfeanf» 66 can theh be passed to distil zone 70 for removal of CV's (butanes and 
unreacted Hutenes) as an overhead product 72. The bottoms 74 can be passed to a second distillation zone 
5 80 for remoyai of the light pblymet fracton 'as art seconci overhead product 82. The resulting second 
bottoms stream '84 can then be p^sed to a third distillation zone 90 for rennoval of water therefrom as a 
third overhead product 92, if steam stripping is enripioyed in a prior distillation, to formihe polymer product 
stream 814/ ' "* " ' '' - ' " " " • 

It will be untjer^topd that reactor 20 and contacting zones 40, 50 and 60 can be provided' with suitable 
10 agitators for mixing of the itreams so contacted/ arid that the distillation in zones 70,' 80 and 90 can be 
accomplished by means known to those skilled in the art, employing conventional distillatibrf equipment and 
techniques. The process of this invention can be operated continuously, or on a batchwise or semi- 
continuous basis. ^ ; . 
, The polybutene prep_ared in ^cordarice with this invention'offers a number of advantages over 
75 ppiybutene preparjBd by piior art'tecH'ri tb'thbse properties WKich are inriportant for its use 
in makinglubricating oil dispersiint |y(Scaily i^^ a form of the reaction' produdt of polyisobutenyl succinic 
anhydride with polyamines or pplyols/ / , . . 
\ " The signifiq$int aspect is that the process of this invention permits a more precise contel of polybutene 
. production than heretofore posslbla jn jubrica^ oil dispersant technology it is known that a relatively 
. 20 ^ higher molecular wreight polybuteh^ group provides disfDersant additive exhibiting befter engine performance 
in, temfis. of siudgie dfepersan^^^ Hovyever, conventidnaf techniques for - 
manufacturing polyiirtene^ Bave here^^^^ somewhat unsatisfactory, since the viscosities of such 
. . , ;. relativ|!y higher mplecular weight m^^^ proportional to the molecular weight, thereby causing ■ 
a nunriber of problems in bqth^h^Sir)g' knd^^ of the dispersant producls. Th^e problems were ' 
25 . due to the inherently. broadW rnolecdiarweigS^^ distribution of such products. Here, the present process 
offers the advantage of confrte weight in tfiat .a nan'ow molecular weight distribution is ^.^ 
obtained which, for a giv^h nriblecul.ar weight range, results in a matfifriar having a relatively lower viscosity^ * 
5 Mblecuiar weight distdbufipn gf ftie product is less than 2. generally from, about 1 .80 to 1 55, and preferably 
, ' about ?J .85 to 1 .90. PrefefTed^polv^utene^^ are those having an Wn of kbdut 900 to 2,500, ; * 
. 30 In the p/pcess of thVpres^^^ degree of readtor coritroHability is 'achieved and the 
target specificatipn^qfm^^^ distribution which is desired can be met / 
through monitoring and adjustitierit of in^^ the HCl addition rate relative 
, to isobutene content, reactor temperature, residence time, feedsteam introduction rate and the like. These; . 
parameters and the quality 6f the finished product cari be monitored at close time intervals in the practice 
35: of the present invention. Thus, for.a giyen polybutene molecular weight desired, process conditions can be 
„define<l.whlch will directthe process toward the target product. 

. The process of this invention also provides a number of product quiality improvements in the 
polybutene product which are cai-ried over to the quality of the dispersant additive ultimately produced. It 
has been observed in accordance with this invention that ultra violet absorption values for the product are 
. 40 relatively tower than prior art product. These analyses have been considered a measure of instability in 
dispersant products, probably related to the presence of moieties other than polybutene. Also, the products 
prepared in accordance to the invention exhibit relatively IdWfer phlorine^te which is a distinct advantage 
since it does tend to rnihimize or eliminate expensive clay filtration techniiques commonly used in order to 
... meet maximum chlorine spe^^^^^ * _ 

45 . . .. , Anotiier advantage of the' invention is a signtlFicant reduction in the quantitv of so called "light ends" in 
. . th e^olybutene product, these are polybuteniss in the undesirable M"n tznqB of about 200 to 500^ The 
. process of this invention miriirnized the quantity of these materials and the yield of desired product in the 
. . high rpolecular weight range increases accordindy. Pig ^ this invention will oerierallv contain les s 
. than about 35% by weight of ^^uch low mol ec ular weig ht pol ybutenes in th e reaction rhixture prio rtgjKoduct 
50 i Rnishing . After stripping, of volatHes arid lipTenHrdrtFn of less 300 and below, the finished product 
polybutene will contain less ttiari 25% bty weight of p olybutene hiaving an W„ beldW 500\ The exact amount 
of acceptable low molecular weigi^t potyoutene will vary depending on product viscosity. 

The technique of addition of HCl to the feedstrearii in the absence of 'organo-aluminum chloride to form 
a pre-reacted ieedsfream offers ^the further advantage of substantially reducing the presence of chlorinated 
65 ^ polybutene in the finished product.. When dispersant precursor, i.e., polybutene succinic anhydride, is made 
from, polybutene, arty produpts frori^ lthe' reaction of chiorihafeci polybutene are distinctly disadvantageous. 
.Any polymerization process ^wWch penhlts free HCl to exist' in the reactor has this problem and the present 
.^^ invention succes^uliy avoids if ^ * ^ 
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' ■ In the present invention, HCl injeGted into the feedstream Wacts' quickly' with isobutylene to produce t- 
r butyl chloride which, upon entering the reactor,^kinctiqns as apo-c^talyst wijth organo-aluminufn chlorid to 
initiate the polymerization, the .organo-aluminum chloride, reacting wi the :t-butyl chloride to form ethyl 
aluminum trichloride and a t-butyl cation and thereby initiating polymerization.; In co^^^ this, when HCI 
5 is used to promote organoraluminum chioride. the specie? H + EtAICla which is fbrmeci by reaction between 
HCI and organo-aluminum. chloride initiates the pol^m^^^^ Polymerization in 'accordance with the 
: .: present, invention is more efficient and provides a! degree of proce^ control and product quality not 
obtainable with prior art procedures based upon the use'of organo-aluminum chloride and HCI. 

Poiybutenes prepared, in accordance with this invention are particularly useful as a Jfeedstock for the 
0 production of improved lubricating oil additives, including dispersants. One class of Useful additive are the 
>/: polybutene-sub§tituted mono- and dicarbpxylic acids, .anhydrides and esters which can be made by 
reaction, of the poiybutene with a monounsaturated mono-, or 'dicarbpxylic acid, anhydride or' ester. Such 
: materials ..can be <rnade by, . conventional. meih6c|s.^^ mpnqunsatur^ed barbpxylic reactant 

comprising at least one member selected' from thi'groMp consisting of 0) rndhounsaturafed C* to Cio 
IS dicarboxylic acid <preferatily wherein (a) the carboxyl groups; are yicinyl. (i.e. located on' adjacent carbon 
atoms) and (b) at least one. preferably both, of said adjapept carbon atonni^ are part of said mono 
unsaturation): (ii) derivatives of (i) such as anhydrides .or Cj to C5.alcohol derived hiono- or di-esters of (i); 
(ili) monounsaturated Ca to Cio monocarboxylic acid ,vyf|}erein tlie carbon-carbon double bond is conjugated 
to the carboxy group, i,..e, of the structure . , , . . r - , 

and (iv) derivatives of (iii) such as .Ci to Cs .alcohol,jderi>^ed ;monp^s^^^^^ of (iii).' Upon reaction with the 
poiybutene. the monounsaturation. of the mpnounsatuiited c^rto^^^ becomes saturated. Thus, for 

example, maleic anhydride becomes a ^polybu^^ and acrylic acid be- 

25 comes a poiybutene substituted propionic acid.. . ,. 

Typically, from ^out 07. to about 4.0 ^(e.g.. 0,8 to 2.6), preferably from about 1 ,0 to about 2.0. and most 
preferably from about 1 .1 to about 1 .7 nioles of' said monounsaturated ca^^^^ are charged to 

the reactor per mole of poiybutene charged. , ...... . . , ^ 

Normally, not.all of the poiybutene reacts withihe mo^^^ carboxylic reactant arid the reaction 

30 mixture will contain unfunctionaiized poiybutene. The ,unf uniion^^^^^^ poiybutene is typically not removed 
from the reaction mixture (because such removal is difficult and would be commercially infeasible) and the 
product mixture, stripped of .any monounsaturated carboxylic reactdritjs ernpiqyed for further reaction with 
theamineoralcohoi as. described hereinafter tq make the dispere^^^ , 

Characterization of the average number of moles^of monounsaturated carboxylic reactant which have 
35 reacted per mole of poiybutene charged to the reacttori (whether it has urid^rgorie reaction or not) is 
defined herein as. functionality. Said functionality is based, upon (i) determination of the saponification 
number of the resulting product mixture using potassium hydroxide; and (Ii) the number average molecular 
weight of the poiybutene charged, using techniquets well known in the art. Functionality is defined solely 
with reference to the resulting product, mMure. Although the amount of said unfunctionaiized poiybutene 
40 contained in the resulting product mbctWe can be subsequently mddifled. I.e: increased or decreased by 
techniques known in the art! such modifications do not alter functionality as defined above. The terms 
"poiybutene substituted monocartoxylic. acid, mat^^^^ "poiybutene .substituted dicarboxylic acid 
material" as used herein are intended to refer to the product mixture whether it has undergone such 
modification or not. , , . . . . , , , 

45 Accordingly, the functionality, of .the poiybutene substituted mono- arid dicarboxylic acid matenal will be 
typically at least about 0.5, preferably at least abputp J. and mp^^ preferably at least about 0:9 and will vary 
typically from about 0.5 to aboyt 2.8 Je.g., 0,6 ;tq ^2), prefera^ about 1A and most 

preferably from about 0.9 to. about 1.3. . , , , . " . . .. . 

Exemplary of such . monounsaWated carboxylic reac^^ are fumaric acid, itacohic acid, maleic acid, 
50 maleic anhydride, chloromaleic acid, chioromaleic^arihydride. aicrylic acid, methacrylib add,: crotonic acid, 
cinnamic add.-and lower alky! (e.g.. Cj to p*, alkyi) apid esters of tiie foregoing, e.g.. methyl maleate, ethyl 

fumarate, methyl fumarate, etc. , . ' '.. 

The poiybutene can be reacted with the monounsaturated carboxylic rea<5tant by a variety of methods. 
For example, the. polybutene can be first "hklog 'nated. chldrinked or brominated to about 1 to 8 wt. %. 
55 preferably 3to 7 wt. % chlorin ;.or bromine, based on the weight of poiybutene, by passing^the chlorine or 
^ bromine through th polybutene.at a temperature of 60)0 250'C.;preferab1y HO to 160 C. e.g. 120 to 
140* C. for about 0.5 to 10. pr ferably 1 to' 7 hours. The hlaiog^riated pblybutene may then be reacted with 
sufficient monounsaturated carboxylic reactant at 100 to 250* C. usually about 180' to 235* C, for about 0.5 
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to 10, e.g. 3 to 8 hours, so the product obtained will contain the desired number of motes of the 
monounsaturated. carboxylic reactant per mole of the halogenated polybutene. Processes of this general 

• typo teJght'in U.S. Patents 3,087.436; 3,172.892; 3.272.746 and others' Altematively, the polybutene 
and the mbhourisaturated cartsbxyliC rfeifctarit are mixed and heated while adding chlonne to the hot 

s material^ Processes of this t^pe are disclosed in O.S. Patents 3.21 5.707; 3.231 .587; 3,91 2,764; 4.1 1 0.349; 
4,234.435; arid in U.K. 1.440^19: ^ . ' ' - - = - 

Alternaely,'the poiybutfehe'and the rhonounsattjrated carboxylic reactant o&n be contacted at eievatea 
temperatiire to cadse S th^rrtial "ene" reactibn to take'place. Thermal "ene" reactions have been heretofore 
described in . U.S. Patents 3.361 ,673' arid' 3.401.118. the disctosures of which are hereby incorporated by 

70 reference in their, entirety. . .'. . ' ', . ' V ..." ^ , »u - o 

Proforably.'thb polybiit°V'"^ ••'■^ '""^'^ irivantihn c ontain less than^S wt%. more preferably les s- tna q d 
■ wt% an d' most preferably les s than j_wt%_a f a pblvbute n e 'fraction comprising polybutene . m0leculp .s 
" RgH^> m»iAr..iar wflifih t Of l^ss than' aboSt 300.-8 5- determined by high temperature gel permeation 
chroJ^graphy employing the corresijonding pbiybutene calibration curve. -Such prefen-ed polybutenes 
IS r Have been fpiind to' permit "tH^ preBaration orreaction - prbdudsr particularly w,hen>employing maleic 
anhydritfe as the unsaturated add r6actiit. with decreased sediment In *e ev^nt the. polybutene produced 
as described above conteihs greater than about' 5 wt% of such a tow molecular weight polybutene fraction, 
the polybutene can be first triatld' by cbnventional means to rerhove the low molecular weight fraction to 
the desired level prior to initiating the ehe reaction, and preferably pribr to contacting the polybutene with 
20 the selected unsaturated careo)cylic r©acfent(s). For example, the polybutene can be heated, preferably with 
inert gas <e.g., nitrogen) stripping, at elevated temperature under a i-educed pressure to volatilize the low 
molecular weight polybutene components which can then be removed from the heat treatment vessel. The 
precise temperature, pressure and time for such heat treatment can vary widely depending on such factors 
as as the polybutene numbei- aver^gb matecular weight, the arhouftt of the low molecular weight fraction to 
2S be removed arid other factbrs:,eb*ibfaifr a" te^ from about 60 to -250 C and a pressure of from 

' about 0.1 to 1 .0 atmospheres aftd a tinib'of ifbm-abbk.O.S- W 2'0 houi^ (e.g.. 2 to 8 hours) will be sufficient. 
Iri this process, the selected polybutene and monoiihsaturated carboxylic reactant and halogen (e.g., 
clhorine gas); where employed, are contacted fora' timfe and under conditions- effective to form the d sir d 
" ' pbiybutene substituted mono- or dicarbbxylic acid material. Generally, the polybutene and monounsaturated 
30 carboxylic reactant will be contacted in a polybutene to unsaturated oairboxylic reactant mole ratio usually 
from about l:i to i:l6." OTd 'p?lfera.%'^ to ^:5. ait ah elevated temperature, generally from 

" abouri20 to 260'C, prefeiljiy Worn about i66' to 240* C.'Thb mole ratio of halogen to monounsaturated 
barboxylic reactant charged' will' also vary and'wili generally rsihge-from about 0.5:1 to 4:1. and more 
typically from about' O.V:1 'to 2:1 (e.g.. from about 6.9 to 't .4:1). -The feactioh will be generally carried out 
35 with stirring for a time of from about 1 to 20 hours, prbfbreibly -from about 2 to 6 hours. ■:■ 

By the 'gse, of halogen, about 65 to 95 wt % of the polybiifene : will normally react with the 
monounsaturated caftjoxylib acid reactant. Upon carrying out a thenn&l reactioh' without the use of halogen 
or a catalyst.ttien usually only about 50 to 75 wt.'% of the polybufehe wi» react. CWorination helps increase 

*e reactivity. , ' ^ \ ^ ^ r„ 

40 If desired, a catalyst or promoter foP reaction of the polybutene and monounsaturated carboxylic 
reactant (whether the polybutene and monounsaturated carboxyKc reactant are contacted in the presence or 
absence of halogen (e.g.. chibrihb))--ckn be' employed in th^ reaction zone. Such catalyst of promoters 
include alkoxides of Ti. Zr. V and Al.'and nickel sialts"(e.g.. Ni' acefeacetonate and Ni iodide) which catalysts 
br brqmotere vyill be;^generally employed 'in an'airiount of from about 1 to 5.000 ppm by weight, based on 

45 the mass of the reaction mediiiifi. "" ' 

The reaction is preferably conducted in the substantial absence of Os and water (to avoid competing 
side reactions), and to' this ehd bah be conducted in art iatmosphere- of dry Na gas or other gas inert under 
the reabtion conditions, the' re^ctartts can 'be" chained separately or logetRer as a mixture to the reaction 
zone and the reaction can be" carried but' continiibusly. 'semi-coniihuously or batchwise. Although not 

50 generally necessary, the reaction can be carried out in tiie presence of a liquid diluent or solvent, e.g., a 
hydrocarbon diluent such 'as mlnef^ lub'ricating oil, tbliiehe"; x)^ene, dichlorobenzene and the like. The 
polybutene substituted moni^ or 'dicaitWiib" acid material thus forrred can be recovered from the liquid 
■ reaction mixture, e.g., after stripping the'reactibti mixture; if desired. v«th an inert gas such as Nz to remove 
unreacted uns^urated carboxylic reactant 

55 Dispersants generally comprise tfie reactioh jsroduct of polybutenVI succinic anhydride or the acid form 
thereof With monbamines or polyamiijes having up to ab'but 30 d^oh atoms, having at least one primary or 
secondary, amino group subh ' W,the ^Ikyiene polyaminei particularly the' ethylene polyamines. the 
polyoxyalkylene arhin s. aromatic, ^d cydoaliiihaftc ariiinbs; hydrbxyamines. mono-aliphatic and di-al- 
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iphatic substitut d amines. Useful dispersants are also formed by reacting mpnphydric and polyhydric 
..alcohols with the. polybutenyl succinic anhydricle .or diacid , provided from the' pblybutenes made in 
accordance with this invention and prefenred ip.i^terials lare thus.' derived from polyois having 2 to 6 OH 
groups containing up to about 20 carbon atoms, such as the/alkane polyois and alkylene glycols. Also 

5 i suitable are the polyoxyalkylene alcohols such, a polyoxyethylehe alcohols and pdlyoxypropylene alcohols, 
• monohydric and polyhydric phenojs and n^phtfiols, ether alcohols and ^amlno alcohols and the like. Borated 
derivatives of the foregoing .dispersants,area!sausefiil, . especially borated nitrogen containing dispersants 
resulting from boration with boron oxide, bprph halide, iporon acids' and esters to provide 0.2 to 2,0 wt. 5 
boron in the. dispersant Metals arid metal-containing compounds can also form useful dispersants and 

10 these ai-e compounds capable of forming' salts with .the polyisobutenyl succinic ahhifdride or acid of the 
present inverition and this includes metals $uch as tfie ajkali metals, alkaline earth metals, zinc, cadmium, 
lead, cobalt, nickel, copper, iron, chromium, magnesium and derivatives thereof such as oxides, carbox- 
ytates, halides, phosphates, sulfates, carbonates, hydroxides and the like. 

Also useful are Mannich Base condensate dispersants wherein the polybutenes of this invention are 

15 reacted with a hydroxy-substituted aromatic compound (e.g. phenol) in an aljcylatipn reaction to form a 
polybutene-substituted hydroxyaromatic compound. TTiis poiybutene-substituted hydroxyaromatic com- 
pound can.then be condensed in a Mannich Base reaction witii an amine (e.g.. any of the mono- or 
polyamines described alDOve) and an ^dehyde (e.g., forrinaldehyde). Such alkylation aind Mannich Base 
reactions can be accomplished using any of the conventional alkylation and Marinich base condensation 

20 methods. 

Lubricating oil compositions will usually contain dispersants in amounts of from about 1 to 15 wt. % 
based- on the overall weight- of the composition.. Lubricating .Qil„cqnoppsitions will typically contain other 
additives in customary amounts to provide their normal attendant functions such as metal detergents or 
basic metal detergent, antirwear additives, anti-oxidants, viscosity modrfiers and the like. Dispersants are 
25 conveniently packaged arid dispensed ih the farm of sdlutionrooncentrates containing about 20 to 50 wt. % 
dispersant In mineral oils. ; 

The invention is further illustrated by the following exartiples (whereirj parts are by weight unless 
othenwise indicated) which are not to be considered as iimitatiye of its scope. \ 

EXAMPLE 1 " 

^^^^^^^^^^^^^^^^^ ^_ ( 

• . ■ ■, ■ • . - ... 

A liquid C4 feedstream composed of 38 wt.% isobutene; 30 wt.% butene-1,4 wt.% isobutane, 10 wt.% 

n-butanOi 18 wL% butene-1 and less than 0.2%, butadiene was dried with CaCb and then introduced into a 

35 reactor feed line. The moisture content in the feed after drying was less than 40 ppm. Anhydrous gaseous 
HCl was introduced into the 'feed line in advance of the reactor entry point to form a treated feedstream. 
The amount of HCl introduced into the feed line was in the range of 50 to 190 ppm by weight with average 
of about 74 ppm HCl by weight. Analysis of the treated feedstream showed it to contain less than 0.1 ppm 
free HCl and showed that t-butylchloride was the major organo-chloride in the treated feedstream, which 

40 was found to have an overall organo-chloride concentration of 80 ppm to 280 ppm by weight. The treated 
feedstream was added to a continuous stirred reactor at a rate of about. 13:4 cubic meters per hour. The 
reactor residence time was maintained at about 30 minutes, the reactor pressure was maintained at about 
2.1 Bar, and the reactor temperature was maintained at about 5'C. Ethylaluminum dichloride (EADC) was 
simultaneously added as a 15 vrt% solution in ISOPAR® U an inert, hydrocarbon solvent, to provide an 

45 amount of EADC equal to 0.023 wt.% 6f the feedstream. Reaction product was withdrawn at a rate 
corresponding to the total feed introduction f^te. The polymerization reaction mixture was withdrawn from 
the reactor and the catalyst removed by the steps of water washing and aqueous caustic treatment of the 
washed organic layer. A caustic treated organic layer was then obtained which was subjected to a second 
water washing step. The washed organic product was then stripped of unreacted €4. hydrocarbons and 

50 oligomers less than ra"n=300 to iom a finished polybutene product containing less t han 25. wt.% of 
polybutene of lvrn = 500 or le ss. - . i , . . . 

' 97% of isobutene wasTound converted to polybutene, and less than 0.1 ppm of free HCl remained in 
the reactor vapor phas . Th finished product polybutene wa^ found to have a" number average molecular 
weight of about 1300, an av rage viscosity of '5S0 to 640 cSt af lOO'fe and a molecular weight distribution 

55 of about 1.80 to 1.90. The stripped light oligomer was about 8 wt.% of the total finished polybutene product 
Th residue chlorine in the finished polybutene product was found to be about 50 ppm. 
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EXAMPLE 2 

The pfoc^cfur© of Example 1vvas repeated except that amount of HCI introduced inta the feed line was 
in the range of 150 to 220 ppm by weight with ay&iag^ of about 1^0 ppm HCI by weight Analysis of the 
5 treated feedstfeam showed it to contain l5s'ss^ than -O-f ppm free HCI and showed that t-butylchlorlde was the 
major or^ano-chloride in th^*tr6atld feedstreahi which was found to have an overall organo-chloride 
concentration of 190 ppnri to 320 ppm. fhe reactor temperature was maintained at about ID' G, the reactor 
pressure' was maintal^ied af about 2.1 "Bar, ah^cj ttv^ reactor residence time was maintained at about 30 
' minutes. Th\EADC solution Was adbCfe 'p^^^ of'' EADC equal to 0.030 wt.% of the C* 

10 feedstream. 98% of isobutene was^fbundHoT^^ to pql^butene, and less than O.i ppm of free HCI 

remaineci;in the r^actpr vapor phase.] The fi'niished product p6iybutene was found to have a number average 
; molecular weight of about 950. an average wsco^ity of 190 to 240 cSt at 100 " C. and a molecular weight 
' distribution of about 1 .Q(S tb 1 .90, The r^5lfclu^ chlorine in the "finished poiybutene was found to be about 70 



, COMPAFt^tlvfe.EXAM kEiS 3-5, ; . , ' ' 

The procedure, of ^.Exarhple 1 wasVejSeated except that the catalyst comprised finely divided AlCh 
20 rather than EADC, using the'' i;unconditioni' described in fable I below. ' 

Table 1 



, '25 \, 




1, Comparative 
i . :<Example 3 : ; 


Cojrnparatjve 
; Example 4 . 


-Qomparative 
Example 5 


30 


fteactbr tempi* C 
. Wt^% AICI3 |n feed 
HCI cpcat, ppm in feed 
Jsobutene cohver,, 

Mol. Wt., Wn 

Mol. wt, distr. { Wj M 

n) 

Residue chlorine, ppm 
Viscosity, cSt at 100.' C 


1 to 
.08-.67 
^ ' 150 
' - 99 
1300 
1 .90-1 .95 


' '160-206 

900 
1 .90-1 .95 


Oto-2 
*-.08-.67 
' 70 
98 
-950 
1.90-1.95 


35 


-TOO 
'590-640 ; 


-100 

■ ' 210 


-100 
190-247* 




NotiB: Feeds for Comp. Examples 3, 4 and 5; - - 






Component (wt.%) 


Com'p. Exs. 3 
and 4 


CompJ Ex. 5 




,40 .. , 
* 

. - * r" - • ^ ■ * 

t -s , . 


isobuten© - • , '\ 
butene-1 ■ ---^ 
saturated butanes . 
isobutane ■ 
h-butane 
^ butadiene ^ 
Total ^ ^ ^ - • " y- 


A 23" 

22 , 

. , ■• 55 

<02 

.-""igoj 


\:. 15-22 
' : 15:22 

: 45-55 

; ' . < 0.2 : 
. "100 


% 

J " 1 . ■ , , 



COMPARATIVE EXAMPLES 6-7 " ' ' ' : 

The procedure of Example 1 " is repeated ,exce(it that water, rather than HCI. was employed as co- 
55 catalyst The conditions of th /reaction are described in Table IL 
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Table il 



0 





* Comparative 
. Example 6 


Comparative 
Example 7 


reactor temp. C 

wt.% EADC in feed ""'^^ ^ ^' • ^ ^ 
H2O cocat. ppm in feed * ^ • ' ' ' • " ' ; 
isobutene conver., % ' ' ' ' * 
mol. wt. distr. ( iCTv/ WTJ \ *' . > 
residue chlorine, ppm 


' 10 

•'•^ ■ 0.085 • 
135 
' • 593.6 
-2.1 

' '56 " ' 


10 

0.082 
100 
86.6 
* -2.3 
56 ' 


' ■ ' ■ ''^ [ ■■ ■ • . ' V! - ' . ■■■■ • .^7 ^ 


. 1238 

' .:. } r ..... 


2049 . 


Note: . : > : : 

Feed rate 12 M3/hr. 

Reactor pressure 2.0 Bar , , . . . . 
Residence time* about 30 minutes r . - 


Catalyst added as a 15% EADC solution in ISOPAR®-L solvent^ 


■■ r * i ' 





IS 



20 



25 



30 



35 



The above data illustrate the. simultaneous improved::lpw :chjorine;re^^^ concentrations and narrower 
molecular weight distributions achieved by the processrpf the -present invention over those achieved by use 
of the AlCia/HCI cataiyst/co-catalyst system when compared at. the. same, number average molecular weight 
product, and these data further illustrate the improved molecular weight distribution achjeved .by the present 
process compared to an EADC/water catalyst/co-cataiyst system. ; , 

Generally the polybutene products produced by- the .process of this Jnyentlon less than 

about 100 wppm, preferably less, than about 75 wpjsm.i and. , frwst pr^eferably . less than about 60 wppm 
chlorine (as CI). j : ./ ^ , y.>. 

The principles, preferred embodiments, and modes of operation of the present invention have been 
described in the foregoing specification. The invention.which is intended to.be protected herein, however, is 
not to be construed as limited to; the particular, forms ^disclosed, since these are to be regarded as 
illustrative rather. than restrictive. Variations and changes may be made by those skilled in the art without 
departing from the spirit of the invention. ^ . ^ ; > 



Claims 



40 



45 



50 



55 



1- A process for preparing low molecular weight polybutene having an Wn in the range of from 700 to 
3,000 and a molecular weight distribution less than 2.0 frqm a feedstream mixture of C4 hydrocarbons 
containing at least 6% by weight Isobutylene in a stinted reaction zone maintained at a temperature of from 
-50*Cto + 30 *C, which comprises: 

(a) injecting HCl in an amount of from 25 to 300 parts by weight per one million parts by weight of 
said feedstream mixture into said feedstream mixture, in the substantial absence of said organo-aluminum 
catalyst and under conditions sufficient to substantially completely react said injected HCl with isobutylene. 
thereby producing a treated feedstream mixture which contains less than 1.0 ppm free HCl; 

(b) simultaneously introducing said treated feedstream mixture and said organo-aluminum chloride 
catalyst as separate streams into said reaction zone; 

(c) contacting said introduced treated feedstream mixture and said introduced catalyst in the reaction 
zone for a time and under conditions sufficient to form a polymerization reaction mixture containing said 
polybutene; 

(d) withdrawing said polymerization reaction mixture from said reaction zone; and 

(e) recovering said polybutene product from said withdrawn polymerization reaction mixture. 

2. The process of claim 1 * wherein said catalyst comprises at least one member selected from the 
group consisting of compounds of the fomnula: (R)xAI(CI)3.x 

wherein R Is Ci to C2o hydrocarbyl and x is an integer of from 1 to 2. 

3. The process of claim 2 wherein said R group comprises branched or straight chained alkyi hasnng 
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from 1 to 10 carbon atoms. 

4. The proces of claim 3 wherein said R group comprises Ci to alkyl. 

5. The process of claim 3 wherein said catalyst comprises at least one member selected from the 
group consisting of (CH3)AICl2» - (CHaVsAICI, C2H5AICI2, (C2Hs)2AICI. (CH3)2CHAiC!2. [(CH3)2CH]2AICI. 

5^ (C3H7)AICl2, (CsHykAICi. CH3CH(CH3)AICl2. [CHaCHCCHaWzAiCI. (CH3)3CAIC1, [(CHa)3C]2A!Cl, CeHiaAICb, 

Cshn Aieia, and CioHiiAlCb. 

6. The process of any of claims 1 to S^wfiereih there is eirfpioyed from O.OOt to 0.008 moles of ethyl 

^aluminum dichloride catalyst per mole of said isobutyiene. 

7. The process of ^ claim 6 wherein the ethyl aluminum dichloride catalyst is added in ah amount of from 
JO 0.002 to 0.006 moiesjper mole of said isobutyiene. , . > 

8. The process of any of claims 1 to 7 wherein the ethyl aluminum diqhidride and HCI are added in a 
wt:wt ratio of from 1 to 4. 

9. The • process of any of claims 4-^40 B wherein -the,.poIybiutene RrQduct ha^\a molecular weight 

distribution of from l\iSO to 1 .90, 
75 10. The process of any of claims 1 to 9 wherein the polybutene has an wr„ of from 900 to 2,500. 

11. the"* process "of any "of claims 1 to 10 Wherein the temperature range is from -15* C to +15 C, 

preferably -5' C to + 15* C. 

12. The process of any of claims 1 to 11 wherein said reaction is effected in a stirred tank reactor. 

13. The process of any of claims 1 to 12 wherein said reaction is effected in a tubular reactor. 

20 14. A continuous jjrocess for preparing low molecular weight polybutene having an fTn in the range of 
from 700 to '3,000 andT mqieculir Twei^^^^^ a feedstream mixture of C* 

hydrocarbons containing at -ieast^'6%^ by-weight isobutyiene. in a, stirred reaction .^one^maintalned at a 
temperature of -15* C to + 15* C, which comprises: 

(a) Injecting HCI in an amount of from about 25 to 300 parts by weight per one million parts by 
25 weight of said 'feedstfeam^^rrti)duf« Into* said feedsfr^ inrthe, substantial absence of said organo- 

aiumjnum catdyst and under 'conditiore^^ react satdjnjected HCI with 

isobutyiene. thereby producing % 'treated ' fee^ which contains^ not greater than about 1 .0 ppm 

" ■^■'MreeHCi; • " ^ :^ • : .-.c.-:-- 

(b) simultaneously contihubusiy Ih^Kluclhg « s^d : treate'd feedstream mixture and said organo- 

30 aluminum cfiloride'cafely^^^^ 

(c) contacting said^intrbduded trMt^'d ffedStream^ mixture and said introduced catalyst in the reaction 
zone for a time and under conditions sufficient to form a polymerization reaction mixture containing said 
polybutener ' ' • , . . -rr: - -r. r - i . • 

(d) continuously withdrawing said polymerization ruction mixture from said reaction zone; and 
35' ' (e) rbcovering said polybutene product from said withdrawn polymerization reaction mixture. 

15. The pirocess of eiaim' 14 wherein said withdrawn polymertzation reaction mixture Is quenched with 
aqueous alkali and said polybutene product is recovered fronnit said quenched polymerization reaction 
mixture. 

16. The process of claim 14 or claim 15. which incorporates one or more features as claimed in any of 
40 claims 2 to 13. 

17. The process of any of claims 14 to 16 wherein the organo-aluminum chloride is added in admixture 
With C^ hi^drocarbons. ' : . ^v-: 

18. the proceste of any of claims 1 to 17 wherein the pdlybifene product has a viscosity of 190 to 250 
' centistokes at iOO'C. " . 
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